CODING FORM FOR SRC INDEXING REVISED 10/15/86

//.Z //M/ 000000

Oid Doc 1.D.

Date Recieved

.

) 1

DEFARTMENT OF ERIOLOGY

Docume T ‘

A STUDY OF THE DIFFUSSION OF ME]

HYLENEDIANILINne IN RATS
CONTAMINATED VIA THE RESEIRAT

ORY SYSTEM WITH ATTACHMENTS

.. .

Chemical Category

METHYLENEDIANILINE (101-77-9)




APRPENDIX I

Document préparé par le

LABORATOIRE D'ETUDES DU METABCLISME DES MEDICAMENTS
C.oartement de Biologie

Commissariat 4 "Snergie Atomique

France




time in hours

i
l organ

Kidneys: (n1eduuaz zone
<
|cortical zone

|
|

liver
large intestine
spleen

heart

salivary glands
skin
lungs

bone marrow

bladder

verv s:rong
strong
medium

weak

praparéd par e
LAE2IATOIRE D'ETUDES DU METABOLISME S MEDICAMENTS
Jfz3zmament de Biologie
1@t 3 'Energie Atomigue




produits chimiques

¢ UGINE KUNLEIAN Appencix II Suiten® 2

SUMMARY

1 - DETERMINATION PRINCIPLE

2 - WORKING CONDITIONS
2.1. Calibrating

2.2, Atmosphere control

“ 3 - CONCLUSION

Diagrams
. Flowing electrolyte cell
. . Recordings of TDI determination
« TDI calibration curve

. Recordings of air from rac-box




Al

| podits chimus '
UGINE HUHLNIANN

CENTKE D'APPLICATION DE LEVALLOIS
Boite postale 131
32303 LEVALLOIS-PERRET  CEDEX

N/Réf.. 27 809 - GL. KUPKA-BODIN/DS

V/Raf.:

LEVALLOIS, LE  29th October 1976

TOXICOLOGY SUB-COMMITEE

APPENDIX II

ASSISTANCE TO THE CEA FOR EA4 PROGRAM :

TOLUENE DIISOCCYANATE MELABOLISM

DETERMINATION OF TDI CONCENTRATION IN THE AIR

WITH THE PCUK FLOWING ELECTROLYTE CELL

LABORATOIRES : 95, rue Danton 3, rue Collange

Téléphone : 758.12.55 Téiéphone . 270.03.10
Télex : 620 750 Télex : 630 012

Société Anonyme au Capital de 375,000.000 F - Sidge Social

~ v



produts chimiques .
Lq.‘.-- pervery R amnen Appendlx I Suite n* &

Sliak bissiibkissmaal

2.2. Atmosnhere control

Sampling was carried out by sucking-up from the rat box disposed in
the enclosure of tne TDI vapor generator.

The compressed air inlet was 10 mm above the cup containing 5 ml T 2
The temperature was 25°C. '

The TDI contents of the rat box were measured versus compressed
air pressure and versus iLimwe. Their recordings are given at the
page A II 8.

The results are as follow :

Compressed air pressure TDI cuocentration
npm vol

0,2 6,25 to 0,30
0,6 0,80 to 0,85

0,8 idem Important

. projection on
12 : idem the walls in
1,5 1 1/2 v

It can be noted that, whatever the air pressure may be from 0,6 to
1,2 kg/cm2, the TDI concentrat:n is constaat, about 0,85 ppm vol.

On the other hand, 1,5 kg/cm2 pressure creates projections of TDI
acrosols on the air inlet tube tu the rat cage, which increase
indeed the TDI vaper concentration in the air to abort 10 ppm.

If the TDI amount in the cup is about 1 ml and not 5 ml, the obtained
TDI concentrations are lower.

The time required for setting up a constant TDI concentration in the
rat box is about 20 to 25 minutes, whatever the used air pressure.

3 - CONCLUSTON

With the generator that the CEA have, it is possible to obtain atmospheras
containing a constant concentration of atout 0,8 to 0,9 ppm vol of TDI
at 25"C.

The inlet of air compressed to 0,7 i:g/cm? pressure has to be fixed
above the cup containing the TDI.

A special care must be taken to blow uff tre device, as the TDI is
by any plastic material : polypropyle:e, polyvinyl chloride ...
It is strongly advised to use isoversinic “ubes.
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The aim of these trials was to control the TDI content of the artificial
atmosphere within the inhalation room used for rat contamination.
(The TDI vapor generator is given in the diagram 1)

| = DETERMIFATION PRINCIPLE

The flowing electrolyte cell is formed by a glass cell, two platine
electrodes, one of which, the reference one is permanently immersed in
an electrolyte that flows on the second sieve-shaped platine electrode.

The gas to be studied comes into the cell at the level of this sieve,
called indicator electrode.

The electrocnemical reaction between the gas and the oxidising solution
at the indicator electrode level originates a micro-current between the

two electrodes, which current is proportional t» the TDI content of the
gas.

The glass cell diagram is given on page A II 5.

WORKING CONDITIONS

The gas is sucked in the cell by means of a pump. The 9 1/mn flow is
measured and regulated with a flow-meter and a pressure regulator.

The measurement is sequential i.e. the 20 £ admission period of the gas
to be studied is followed by a 6 mn admission period of pure air, called
reference air, that blows off the apparatus.

The electrolyte (concentrated H?_SOé + 100 mg/1 120 ) flows from a tank

to the cell at about 40-60 ml/h and is ‘ccllected 2t the cell outlet.

The two electrodes are connected to a recordind micro-aaperemeter.,

2.1 Calibra:ing

The device is calibrated with an air having known TDI contents
from 0,25 to | ppm vol. These concentrations are obtained by a
precise dilution of an air containing about 2 ppm vol. TDI which

" is obtained by sweeping the TDI surface in a tank (4,2 ppm vol. at 25 2

Recordings of TDI determination and TDI calibration curve are shown
on pages A II 6 and A XI 7.
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TASLE I : Individual results shcwing the evwlution of luC radicactivity

in the blcod of rats as a funcncn of time (see tanle II)
af e ~ oyl = . ” "'—
e :: ;1'1 i ":n=.....lar injecticn of TDI™ C. The results are nx,ressed as a

glad op ¥ = g | ar=a. 3y -
LABC?U:\.\...HS% S, e rag ap"_‘)'EhV?!tH:S'n'lD%:‘El‘ﬂ'S' to the rats, measwred ver gram
Oé.pfnblced o(2f,,/3). The mean for each pericd was calculated.
Commissariat & I'Enerjie Atomigue
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FIGURE 3 : Cage used for metabolic studies of TDI. The urines and faeces
are coliected separately in flasks located below the cage. A fraction of
the air breathed out is bubbled throu-h twe flasks (lower left) containing
an alkaline solution of phenylethylamine.
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. The TDI was purified by sublimation. The radiochemical purity

was checked by gas radiochromatography. Figures 1 and 2 show the
radiochromatograms olLtained after purification.

The final product contained 83.7 % of isomer 4 and 16.3 % of

isomer 6. The specific radicactivity was 38 mCi/mM.

B - EQUIPMENT AND METHODS

The rats used in this investigation were of the Sprague Dawiey
strain (Charles River) weighing 150 to 200 g. The animals were kept
' fasting for 12 hours before and 2 hours after injection of 453 o
A single dose of TEIluC was administered by intramuscular injection
into the triceps of the right hind paw.

(Five microliters of a solution containing 38 mCi/mM of pr*'c
- in béﬁféﬁg’was injected to each animal. An a posteriori check of -
total injected radicactivity was performed by adding the total excreted|i

radioact vity to the radicactivity remaining in each animal when killed

b) Radioactivity measurement by liquid scintillation

The radiocactivity from e was measured by means of an Inter-
technique (SL 32 PR) liquid scintillation spectrometer. The samples
were prepared by mineralization (Intertechnique IN 4IOI unit). The
count results were corrected fur guenching and as a functicn of the

specific efficiency of the comnting instrument.

The scintillating solution has the following composition.

Toluene 400 ml

Phenylethylamine 330 ml

Methyl alcohol 220 ml

PPO 18

bis MSB 0.t g ‘ v

Water 20 ml
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weight in g

TDI dose
administered
})g/ani.mal

Table II : Individual doses of TDI administered to animals
serving for an investigation of blood kinetics
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TABLE- I - Individual results showing the ewvolution of ~ 'C radicactivity

In A
. - . u A —
after intramuscular injecticn of TDI™ C. The results are expressed as a Nt =
Dorumant préparé par_ le - Rl e > ar

% Fry 4 £ o 1 Ao ivi 119 - 1T . E1 e
LA SRR ACT PR e TR ST AV e LA BREGHARTO The rats, measured per gram

plecdio(Bié,,/g). The mean for each period was calculated.
M 4 I'Energie Atomigue \

in the blcod of rats as a function of time (see tasle II)
1
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- Elimination by the respiratory tract

lLiCO2 breathed out

During the period in which the quantity of
bv the rats was measured as a function of time, the cages were venti-
lated with an airflow of 300 ml/min. At the cage exit, a variadle delive
ry purp was used to take 10 % of the total airflow for bubbling through
two bottles in series containing an alkaline solution (phenylethylamine)
(figure 3) which fixed the Co,.

- At the end of the experiment, the animals were killed. The body
of each animal was homogenized in the presence of a quantity of water

ecual to its weight. The radiocactivity of the homogenate was measured.

RESULTS
5

/4//’;/( w The results presunted below refer to a small number of animals. While
“they provide an -understanding of the evolution and the magnitude of the

phencmena observerd, mor. experiments of this type are required to obtain

accurate results.

14

C.-,/}[Lwé Table I gives the individual results of changes in blood radicactivity
Y

C. The
/ . ,Vcurves 1n Figures 4 and § illustrate the results of this table. In figure U,

in rats having received a single intramuscular injecticn of TDI

. ‘
3N .. the amount of radicactivity in the blood are plotted as a function of time

in linear coordinates. A radiocactivity peak located at about 24 hours can

be observed. The curve in figure 5, for which the logarithm of blood concen-

mlotted as a function of time, can be broken down zc follows.

The first portion of the curve, which correspends to increased bloed radio-

activity, enables evaluation of the diffusion rate of ¢ from muscle. After

‘pascing. through a maximum; the second portion corresponds to the elimination--;
© of 'I'DIl,L.*C and its.metabolites: from the blood. Although these results are not

- . very accurate, this curve shows that the elimination  follows a second order

- kinetic. Two hypotheses .can be.advanced to explain. this result.
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The results reported in this study correspond to measurements of

l“C in the samples. They are expressed

the total radiocactivity due to
in each case as a fraction of the total radiocactivity injected into

the animal. The tables listing the means also show the standard error
.of these means, as well as the number of experiments used for calcula-

ting the mean.

C - EXPERIMENTAL PROCEDURES

All the experiments presented below were performed after giving a

14

single dose of TDI™ C to the animals.

= a) Evolution of radicactivity in the blood stream éa* 3 Tt
" LA

' N-(.n'_u(, N2 The single dose of TDI was injected to fasting rats. At regular
/\,

o A/( time interwvals, blood was taken under slight anesthesia from the caver-

In order to determine the. excretion balances of TDI and its meta-
bolic derivatives, the animals were kept individually in glass metabo-
lism cages. (Figure 3) designed to obtain separate collection of the

. urire and faeces, and collection of an aliquot of the CO, in the
expired air. The. animals were acclimatized to the cages for 43 hours
before the start of the experiment. Aside from the 12 hours before

? Z,b ; and 3 hours after administration of the test compound, the animals
1“'ff fv?) _?‘“ECEived water and powdered food. . :
e BT
- 'The urines and faeces were collected during the periods of 0-12,
wﬁ 12-24, 24-48, 48-72, 72-36 and 96-120 hours after administration of
.W[, the TDIl”C, and the samples cor're‘__sh_ﬁding to each pericd were stored
,LV in the freezer while awaiting treatment. 200 microliters of urine were
e lias ;_.L‘Z:},:\ --directly mineralized-in' the IN 4IOI unit. The faeces were oven-dried -
f/’ - .4  to constant .weight, reduced to powder, and an-aliquot of each sample
' ' was mineralized im the presence of 10 microliters of isobutyl alcchol.
... The latter was employed to facilitate combustion-of the sample.

2% g

-2 URATOIRE D'ETUCES LU IMETABOLISME DES MEDICAMENTS

™eny e gra'Tgie

-

rissangl & 'Energie Atomique




UodTTISs oseyd ._33:..:3 At dmaSozeuouyd FiPy’

L
*

¥
_
_

.

P
|
1
!
_

|——— ———————

—_—

— —
1

-4
s e VY

'.t
|

SN

AREE "M 'd A ) ; L e . " _
: J\_: JN Topreann) 4AYd 35530A ! 3_5 MO1%53 dy .
’ o Laled gis s
i o'l ! 1 b 7 B 9 ARl o
e o LeAWAL T 15HOT DT L AL R

T HIIVSINOME
;i THINISNTS

1

TANMOGDD IHNIYY AN

SloeZ - \lag ¢ Ao

i L OISMT VYo seale s R
e

n WL 2 QdAdNs
< MONYSINGEHINID 1L MLALLE 4 :C 4

A D SiANYddY
f o TR TR HITRRL 1 i
\ PE LY

1 T IHIIYY ] ¢ oY
A 7 ’ ._.‘
TPHHY 1) oL YSiot PR E T RUIIE AL A ' J.__

GL M

prépard par le
LAEORATOIRE D'ETUCES U METABOLISME DES MED!CAMENTS

ement de Diologie

i

sgment
Commiesariat & I'Energie Atomique

W'raar

Do

___4__,_(_\#_:__‘__H




d phase silicon SC30).

iqui

AR Y —

f
|

]
i

T
!

N

L

JOHISATIUN TLAMML

- 2o

SLNSIBIILE ¢

\

UETECTLUR ACTIF GEIGER-IONISATION
'}\J 1KY

VITESSE PAPRIER icmml) ¢ .

TENSION @
SLNSIUILITE
CUNST. TEMIPS

COURANT :

T .
2 S0t
'1\.1

22
=
-
>
>
.
o
=
=
-
2
G

4154

U tl. ;\l;l-‘l.l.nlll.xU.Iil,\l.ulli[k( !
1
‘. . o
S\L‘: oae -:J[- ‘-11"
DEUIT ¢ milennt

n
w(
NVAPORIZATEUR &

)
Cell.X

fas?
vy 2w

le

11

I

-
b e e —— et 1 28 S S

3G

M:

TEMPERATURE COLONNE :
sC.

OFERATEUR :
PHASE LIQUIDL :

APPAREIL
SUEPOL

CAZ: ﬂ

PRALUIT ¢

ty check of TDI. Recording obtained Ly gas phase chromatography (1

.

puri

L aE e e S
I e 1)

1

mica

Che

PIRC.

Sr..ment oréparé par e

o —

i —

L~ 20RATOIRE D'ETUDES DU ?.um”_._hmo_.._m?_ﬂm DEs MEDICAMENTS

FIGURE 1

Czmmissaniat & I'Energie Atomique

= rzmze




5) Purification and tests
The TDI was purified by sublimation. The radiochemical purity
was checked by gas radiocr tography. Fipures 1 and 2 show the
radiochromatograms obtaired a.ter purification.
/Z//\I-/LV"”‘L
7)/ A ~

; Vi £n (ij'

The fina. product contained 83.7 % of isomer % and 16.3 $ of
isomer 6. The wpecific =~ 'isectivity was 38 mCi/mM.

B - ECUIPMENT AND METHODS

a) Biological materials

- The rats-used in this investigation were of the Sprague Dawley

strain (Charles River) weighing 150 to 200 g. The animals were kept

fasting for 12 -hours before and 2 how's after injection of o1tte

A single dose of 'IIlIl.u

into the triceps of the right hind paw.

C was administered by intramuscular injection

N
[Lgy«BAMWQ?J ..Five microliters of a solution containing 38 mCi/mM of TDIluC 7

i

,,;Jér?*j;’d * in benzene was injected to each animal. An a posteriori checX of
}4)5 total injected radicactivity was performed by adding the total exrreted I
' radioactivity to the radicactivity remaining in each animal when killedii

b) Radioactivity measurement by liquid scintillation
1

The. radicactivity from %¢ was measured by means of an Inter-
technique (SL 32 PR) liquid scintillation spectrometer. The samples
were prepared by mineralization (Interte~hnique IN 4I0I unit). The
count results were corrected for guenching and as a-function of the

specific efficiency of the counting instrument.

The scintillating solution has the following composition.
Toluene 400 ml
Phenylethylamine 330 ml
Methyl alcchol 220 ml
PPO 7g
bis MSB 0.4 g
Water 20 ml
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1) Reduction of benzyl alcohol to toluene :

LH -0H

0+

2) Nitration of toluene :

' 9
CH3
-NOZ
CF SO H
_>
NO H
NOZ
3) Reduction of dinitrotoluene
. _ - _
Cu3 Crl3
/N0 0577 \pro
! 2 2 l 2
i et re
l HC1
HOZ

4) Acticn of phosgene on the diamine :

=N H N-
COCI
‘I'n
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"A STUDY OF THE DIFTUSION RATE OF TDI
IN RATS CONTAMINATED VIA THE RESPIRATORY SYSTEM

PRELIMINARY STUDY

The purpose of this work is to investigate the diffusicn rate of TDI
in the organism in rats contaminated via the respiratory tract. The determi-
nation of metabolic transformations undergone by this compound in contact
with tissues and mucous membranes in animals will complete this investigation.
Before undertaking contamination by the respiratory tract and establis-
hing the experimental ' rocedure concerning this contamination, for technical
reasons, a preliminary study was conducted on rats, in ordcr to estimate
the diffusion rate of TDI in blood, after intramuscular injection. The
urinary and fecal elimination rates were also investigated.

'I'DIluC was used in this investigation.

A - SYNTHESIS OF THE MOLECULZ

The TDIHC was synthes zed by the labelled Molecule Laboratory of

the Commissariat a 1'Energie Atomique at Saclay (Mr. Pichat).

The following scheme was followed for synthesis of the labelled
compound :

Document préparé par le

LABORATOIRE D'ETUDES DU METAROLISME DES h;lEDICAMENTS
Département de Biologie

Commissariat 3 I'Energie Atomique

France




—
s
C: B

TOTAL BLOCD

2uesy
D

anbiwoiy aiBiau3,| ¢ 1011essiwg

~J

S luaaLedan

¥-R,830NL3.0 IHIOLVYHOIV

d_juaginaoq

-
EI| JEt

w24 aifiojo1g .,

-

?"d L}

B

Te=
=
m
= .
a

-

e 742 : _ - 20 312

TIME Tt HOURS

FIGURE % : Variation as a function of .ime of the concentration of 1 radioactivity in the blood_of rets having
5 e ; = E : j

¥ i
-

) ' -



= e compound (TDI*C or one metabolite) is distributed in two
compartments in the organism,
- we are in the presence of two labelled derivatives, metabolites

with different elimination kinetic parameters.

Graphic interpretations and calculations make it possible to estimate
the following parameters : '

- for elimination : the relative magnitudes of the two components
of the elimination curve are in a ratio of about 3.8,

The half-lives of the two components are 32 hours for the larger
compartment and 73 hours for the smaller. .

% - for diffusion : the T 1/2 of diffusion from the muscle of inje-=ted

TDIqu is about 30 minutes.

Tables III and IV give the individual results of fractions of radio-
activity eliminated during each sampling period. Tables V and VI, which
resure these results, make it possible to follow the progress of cumulative
quantities of radicactivity deriving from TDIluC or its labelled derivatives
as a function of time. A check revealed that the elimination of *'C in the

1
form of

| 3 2 ol 14 .
‘COQ through the respiratory tract 1s negligible, showing that,
in rats, there is no transformation of the molecule by demethylation of the
ik
uH3.

ine curves in figures 6 and 7 illustrate the results given in the

radical -

tables. To summarize, these experiments show the following

Uic and its metabolites labelled
with Yc is greater than their fecal elimination (53 % as compared
with 39 %),

- that the excreta recovery balance is better than 92 %. Four per cent

is found in tne carcases after the animals are killea.

- that the urinary elimination of TDI

CONCLUSION

The purpose of these experiments was to evaluate the diffusion rate
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of TDIJ‘“C from the muscle, before considering contamination of rats via

the respiratory tract. This diffusion rate is fairly rapid with a T 1/2

of 30 minutes. Our experience suggests that diffusion from the respiratory
tract should be even more rapid. Moreover, the relatively slow eliminaticn
of derivatives of TDI*'C labelled with 1'C should permit observation of
blood, urinary and fecal radicactivities with the new experimental procedure.

The autoradiograph of the entire animal (see Appendix) shows that

8¢ and its labelled metabolites are practically diffused throughout.

TDI

the organs, with a high concentration in the excretion organs.

From the purely kinetic standpoint, the distribution curves based
on distribution in blood and on the excretion balance suggest that in
addition to TDI, metabolites are formed :

- one or two important metabolites diffusible through the majority

of organs :
- with relatively slow elimination rates,

- with an elimination balance approaching 100 % in 15 days.

These hypotheses will only be corroborated by additional investig;atim

J
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A STUDY OF THE DIFFUSION RATE OF TDI
IN RATS CONTAMINATED VIA THE RESPIRATORY SYSTEM

PRELIMINARY STUDY

The purpose of this work is *» investigate the diffusion rate of TDI
in the organism in rats contaminated via the respiwatory tract. The determi-
nation of metabolic transformations undergone by this compound in contact
with tissues and mucous membranes in animals will complete this investigation.

Before undertaking contamination by the respiratory tract and establis-
hing the experimental procedure concerning this contamination, for technical
reasoné, a preliminary study was conducted on rats, in order to estimate
the diffusion rate of TDI in blood, after intramuscular injection. The

urinary and fecal elimination rates were also investigated.
1

4y ; i ¥ . :
TDI” C was used in this investigation.

A - SYNTHESIS OF THE MOLECULE

The TDIM*C was synthesized by the labelled Molecule Laboratory of
the Commissariat a 1'Energie Atomique at Saclay (Mr. Pichat).

a) §Xnthesi5

The following scheme was followed for synthesis of the labelled
compound :
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Table I

time in hours

organ

cortical zone

kidneys: {medullar zcne

liver

large intestine
spleen

heart

salivary glands
skin

lungs

bone marrow

bladder

Quantity of radioactivity localized by autoradiography in the rat.
++++ very strong

44 strong

++ | medium

B3 weak
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AUTORADIOGRAPHFY OF THE ENTIRE ANIMAL

PROCEDURE : A rat weighing 100 g receives an intramuscular injection of
m1ttc (IBJpCi). Twenty four hours after administration of the chemical,
the animal is killed and rapidly frozen by immersion in liquid nitrogen.
The frozen rat is stored for 24 hours in a freezer at -25°C before the
preparation of sections. Ullberg's technique (1954) was employed for
preparing the sections. A leitz microtome was used with a plate cooled
to -30°C.

50 p sections parallel to the sagittal axis of the animal were
prepared. Collected on adhesive tape, they were dehydrated and then placed
against a "Kodirex" monolayer (Kodak) radiological £1m. The films were
developed after five days of exposure. The black areas enable localization

of the radioactivity due to ¢ introduced into the body of the animal in

the form of TDITYC.

RESULTS

Plate 1 shows the autoradiographs of a rat killed 24 hours after

administration of the labelled medicament. This period corresponds appro-
ximately to the activity peak in the plasma of the animal.

The relative importance of tissue fixation of the chemical is shown
in table I. These patterns were obtained from preparations of the same
thickness (50 p). The exposure period was seven lays in all cases.

REFERENCE

Ullberg S., 1954, Acta Radiol. Supp. 118
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A studv of the diffusion of MDI in rats contaminated via the respiratory system.

"ATTACHMENT TO REPORTS S5C/EA-13 & 1L

Reports SC/EA-13 & 14.

Dr, M.Sumi, Chairman of Toxicological Sub-Committee (Far East Region)
has sent to the Safety O0ffice the following comment

Dear Dr. Wilson,

We read through two reports of preliminary studies on the diffusion
of TDI and MDI in rats. We have no comments on them for the moment,
since they are preliminary ones and especially detailed discussions
are not given with regard to graphic interpretations and
calculations. It should only be added that I don't know whether

the term "second order kinetic" is suitable or not in the case

of the elimination of TDI (p.8).




‘ EA 4 - METABOLISM 1976 ~- Visit to Saclay on Fridaly 9th, 1975
- Mr. Istin has not yet recieved the canFract from Mr. Cunningham.* He is a
bit worry not to have official paper in hand about the 1976 work.and he

needs it to send.the invoicerand to receive 50%.

— Neverthe less the attempts are on stream on TDI and the first results give
a lot of information :

- Just after inhalation of ! ppm during ! hour, as asked by Dr. Loeser,
Mr. Istin killed several rats to determine the radiocactivity level in
16 organs plus blood and plasma.

= The diffusion rate is rapid in the whole body as forscen by the prelimjnary
attempts.

~ The kKiduney is the moat_coppﬁrned and more thﬁn liver

~Survrisingly ', the stomac seems to be more concerned than the liver

-~ The rats have very wcll supported and the lungs were intact but it is
necessaﬁy.to wailt for the results after histological study

-The sensitivity is very coafortable. The concentration or the time could be

divided easily by 10 may be mors. i

- The ratio Kadioactivity of urins - 30
Radiocactivity of feces T0

it is a surprising to see that is the reverse of that in the preliminary
test by injection ‘

~ The first autoradio chromatographies are very rich and fabcinating.
Just after the intoxication three verf polar products, different from TDI,
ar> appearinz. These products are very rapidly eliminated. But after
that, several non polar products are getting visible and fading slowly.

Mr. Istin would like to meet Dr. Loeser to comment these first results aad
suggests a date before the end of the month. I said that it could be
possible (on 28/7) if Dr. Loeser is not yet in holiday.

He did notforget that he had invited Dr. Brochhagen-and Dr. Loeser to

participate to the inhalation procedure but he was not allowed because
security regulation in C.E.A

sl

have recieved copy on Juna 18th.
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Mademoiselle BODIN from Eurane helped foy trainirg (without radiactivity)

for the control of the TDI in the atmosphere with the osmopile and met no

problem.

Labeglled foams

Mr. Istin informed  pe that the preparation of the 4 labeled foar: and polyurée
was estimated to about 2.300 to 2.500 S. He will send me 21 . invoice
for that.

Stability of labelled TDI and MTI

No variation has been formed regarding the purity verses time.

June 12 th, 1976
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APPENDIX

M DI

Quantitiés: Injected

5 /7 _
of 38.mCi/mM benzene solution

8
of 24,7 glCi/mH benzene solution

BLOOD
maximum

half time diffusion
half time elimination

24 B
™30
32 1
“  (second order)
T3 h 2 metabolites

(first order)

Excretion balance

balance recovery (urine

+ fo 2es)
in the killed animal
air - expired

Elimination balance

Elimination urine
faces

100% in 15 days

1
3,6
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SUMMARY OF THE RESULTS OSTAIWED BY THE PRELIMINARY ATTEMPTS [OF
METABCLISMZ O.J TDI and MDI

(Raports of C.E.A - Departement de Biologin)

The main aim of this preliminary study was to have on idea of the

ted
diffusion rate of TDI and MDI within rats contamine via respiratory system.

The first step was to . are labelled TDI and MDI with C 14 on the methyl-
group for TDI and on the methylen growp tor MDI. The radio chemical purity
was checked by gas radiochromatography.

The second step was to investigate after intramuscular injection in order

to estimate the diffusion rate in the blood, urine and feces.

The results reported correspond ' to maesurements of the total radiocactivity
due to C 14 in the samples and are expressed in each ca3e as a fraction of
the total radioactivity injected into the animal.

Variation during 336 h were recorded. At the end, the animals were killed
and the radioactivity of the whole body was maesured. }

The first part of the curve in logarithmic coordinat® gives the rate of
diffusion from muscle. The second part of the curve, cfter the maximum,

gives the rate of elimination of the metabolites.

The results are groupad in the tabel (Ap?endix I)

]
: . ;
This preliminary work was helpful to reach accuracy and savety in the

further investigation by inhalat’on.
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A STUDY OF THE DIFFUSION OF MDI

IN RATS CONTAMINATED VIA THE RESPIRATORY SYSTEM

PRELIMINARY STUDY

The purpose of this work is to investigate the diffusion rate of MDI
in the organism in rats contaminated via the respiratory tract. The determi-
nation of metabolic transformations undergone by this compound in contact

with tissues and mucous membranes in animals will complete this investigati

Before undertaking contamination by the respiratory tract and establis-
hing the experimental procedure concerning this contamination, for technical
reasons, a preliminary study was conducted on rets, in order to estimate
the diffusion rate of MDI in blood, after intramuscular injection. The
urinary and fecal elimination rates were also investigated.

MDI (luC) was used in this investigation.

A - SYNTHESIS OF THE MOLECULE

The MDI (ll}C) was synthetized by the labelled Molecule Laboratory of

the Commissariat & 1'Energie Atomique at Saclay (Mr. Pichat).
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1) Formol condensation with aniline to give the MDA

I @ @

2) To obtain MDI, raw MDA is treated by 00012

B 4
Pﬂl&+2€0€12—)0=C=N .—0{2 -@-N=C=

b) Purification and tests

MDA was purified by chromatography on a colum of "Silice H". Thin

layer chromatography and UV titration are used as tests of the puri-

fication (Fig. 1 and 2). This pure MDA is used to ended the synthesis

of MDI. The results of radiochemical controls appear on figures 2 and }

The final product has a radicactivity of 24,7 mCi/mM.

B - EQUIPMENT AND METHODS

a) Biological materials

The rats used in this investigation were of the Sprague Dawley strain
(Charles River) weighing 150 to 200 g. The animals were kept fasting
for 12 hours before and 2 hours after injection of MDI Moy, & single
dose of MDI (**C) was administered by intramuscular injection into the

triceps of the right hind paw.
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Témnin blanc

(1) 2,22 ug/ml
(2) 5,76 ug/ml
(3) 28,8 ug/m

1
Ma o {l lC)
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Benzene 15
Acetone 13
Cyclchexane 13

Silice Merck
sur plastique

MDA purifié pour
la synthese du MDI

"moncmere"

TERTIRE (L 1L

I

Figure 2 : Radio chemical control of MDA (luC). The chromatography has been

developp with the system of solvent : Benzene 15
Acetone 13
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Figure 3 : Radio chemical control of MDI (L) "monomeride". The chromatography

has been developp with the system of solvent : Benzene 15
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MDI "moncmere"
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Figure 4 : Radio chemical control of MDI (HC) "monomeride". The chramatogra-

phy has been developp wi*h the system of solvent
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Eight microliters of a solution containing 24,7 mCi/mM of MDI (lluC). :
in benzene was injected to each animal. An a posteriori check of total
] injected radiocactivity was performed by adding the total excreted

radicactivity to the radiocactivity remaining in each animal when killedi¥

b) Radicactivity measurement by liquid scintillatiecn

The radiocactivity from 14¢ was measured by means of an Intertechnique
(SL 32 PR) liquid scintillation spectrometer. The samples were prepa

by mineralization (Intertechnique IN 4I0OI unit). The count results

corrected for quenching and as a function c the specific efficiency

of the counting instrument.

The scintillating solution has the following composition.
Toluene 400 ml
Phenylethylamine 330 ml
Methyl alcohol 220 ml
PPO 7¢g
bis MSB 0.k g

Water 20 m1

c¢) Evaluation of results

The results reported in this study correspond to measurements of the

¢ in the samples. They are expressed in

total radiocactivity due to
each case as a fraction of the total radiocactivity injected into the

animal.

C - EXPERIMENTAL PROCEDURES

All the experiments presented below were performed after giving a

single dose of MDI (1“0) to the animals.
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Document préparé par le

a) Evolution of radicactivity in the blood stream

The single dose of MDI was injected to fasting rats. At regular time
intervals, blood was taken under slight anesthesia from the cavernous
sinus. These blood samples were immediately transferred and weighed

in cupels employed for the preparation of liquid scintiliation samplesji

b) Excretion balance of radiocactivity

In order to determine the excretion balances of MDI and its metabolic
derivatives. the animals were kept individuaily in glass metabolism ‘.
cages (Fig. 5) designed to obtain =mepzrate collection of the urine -.--
faeces, and collection of an aliquot of the CO, in the expired air.
The animals were acclimatized to the cages for 48 hours before the
start of the experiment. Aside from the 12 hours before and 3 hours
after administration of the test compound, the animals received water

and powdered food.

- The urines and faeces were collected during the periods of
0-12, 12-24, 24-48, 48-72, 72-96 and 96-120 hcurs after administratic
of the MDI (1uC), and the samples corresponding to each period were
stored in the freezer while awaiting treatment. 200 microliters of
urine were directly mineralized in the IN 4Iol unit. The faeces were
oven-dried to constant weight, reduced to powder, and an aliquot of
each sample was mineralized in the presence of 10 microliters of iso- |
butyl alcohol. The latter was employed to facilitate combustion of

the sample.

- Elimination by the respiratory tract :

During the period in which the quantity of 1'I\‘CO,‘., breathed out

by the rats was measured as a function of time, the cages were venti-

LABORATOIRE D'ETUDES DU METABOLISME DES MEDICAMENTS

Département de Biologie
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Figure 5 : Cage used for metabolic studies of MDI. The urines and faeces

are collected separately in flasks located below the cage. A fraction of

the air breathed out is bubbled through two flasks (lower left) containing

an alkaline solution of phenylethylamine.
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lated with an airflow of 300 ml/min. At the cage exit, a variable deli;
very pump was used to take 10 % of the total airflow for bubbling
through two bottles in series containing an alkaline solution (phenyl-
ethylamine) (Fig. 5) which fixed the CO,.

- At the end of the experiment, the animals were killed. The

body of each animal was homogenized in the presence of a quantity of
water equal to its weight. The radioactivity of the homogenate was

measured,

The results presented below refer to a small number of animals. While
they provide an understanding of the ewvolution and the magnitude of the
phenomena observed, more experiments of this type are required to obtain

accurate results.

a) Evolution of radiocactivity in blood after intramuscular inj-ction

of MDI (*¢).

Table I gives the individual results of changes in blood radioactivi

A*c). The

in rats having received a single intramuscular injection of MDI
curves in figures 6 and 7 illustrate the results of this table. In figure §
the amount of radioactivity in the blood are plotted as a function of time
in linear coordinates. A radiocactivity peak located at about 24 hours can

be observed. The curve in figure 7, for which the logarithm of blood conce

trations is plotted as a function of time, can be broken down as follows.
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12
25
u8
72
96
120
144
168
192
216
240
26u
288 O-_10: P 0037 :

360 : 0,06 : 0.28 : 0.23 :

Dose admin,:483,83 :432,08 :451.40 :406.03 :
 pe/Ke 3 : s s 3

Weight g. : 167 : 187 : 179 : 199

L]

Table i : Individual results showing the evolution of e radicactivity in
the blood of rats as a function of time (see table II) after intramuscular §5&

(11;

injection of MDI C). The results are expressed as a function of the

radioactivity injected into the rats, measured per gram of blood (°/o/g).
The mean for each period was calculated.
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Figure 6 : Variation as a function of time of the logarithm of concentra-
tion of radiocactivity in the blood of rats having received an intramuscular

iniection of a single dose of MDI ey,
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Figure 7 : Variation as a function of time of the concentration of ¢ radio-

activity in the blood of 1ats having received an intramuscular inject

of a single dose of MDI (1%C).
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The first portion of the curve, which corresponds to increased blood radio-

1% from muscle. Afte

activity, enables evaluation of the diffusion rate oi
passing througlh a maximum, the second portion corresponds to the elimination
of MDI (ll‘C) and its metabolites from the blood. Although these results are |
not very accurate, this curve shows that the elimination follows a first
order kinetic.

Graphic intermretations and calculations make it possible to es.imate

+the following parameters :

- for elimination : The biological half life for elimination is 78 hou

- for diffusion : The T 1/2 of diffusion from the muscle of injected

MDI (MC) is about 12 hours.

injection of a single dose of MDI tc).

Table II give the individual results of fractions of radicactivity
eliminated during each sampling period. Table III which resume these results
make it possible to follow the progress of cumlative quantities of radio-
activity deriving from MDI (qu) or its labelled derivatives as a function
of time., A check revealed that the elimination of e through the respirato

14, 1y

tract is not negligible. The = 'C compound does not appear as being ~ 'CO

2.
Its fixation by the strong alkaline is bad, in the same experimental condi-

tions 14

C0, is bounded with a ratio of 100 %. This observation is improved
by the fact that radioactivity in expired air appears after a delay of 2 da
after the begining of the experiments.

The curves in figure 8 illustrate the results given in the tables. To

surmarize, these experiments show the following :
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C : 0 : 0.06: : 0.0

0.02: 0.07: 0.22: O : 0.08

© 18.69 : 13.23 : 6.62 : . 12.21

. S0.45 : 13.46 : LO.OY : . 39.86

48 L 40.4G ¢ 23.14 & W7.11 . 38.78
72 L 47.04 : 12.12 : 23.84 : : 23.95

96 - 120 : 20.67 : 21.80 : 22.67 : : 21.10

WEIGHT g.:. 188 : 176 : 182 : 193 :184.75

Dose admin: 430 : 459 : W44 : W1E :437.75
pe/Xg : ' : :

Table II : Individual results showing urinary and fecal elimination of
1u

C after intramuscular injection of a single dose of MDI
The results are expressed as a fraction of the dose injected (°/y).
The mean for each period was calculated.
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0.ul

2.35
: 10.87
L 22,51
 29.25
 3u.69
. 38.15

o : 0.06: 0 : 0.0

0.02 : : 0.29: 0 : 0.09

: 18.72 : 6.91 : 10.30 : 10.31

. 69.16 : . 46.95 : 65.81 : 52.17
:109.65 : . 94.06 :110.22 : 90.96
1156.69 £117.90 :123.02 :114.9)

$177.37 £140.57 :142.31 :136.02

Table III : Individual results showing the cumulative urinary and fecal
elimination of e as a function of time, after administration of a singlef§
dose of MDI (**c) by intramuscular injection in rats. The results are
expressed in parts per 1000 of the dose injected. The mean for each periocd
as well as the overall balance are calculated. '
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?\‘~\\\E° : 1 s B
cPrid >N O . O

o= & 2 1.911: 0.54 :
6- 12 : 0.4 : 0.4 :
12~ 24 : 0.07: 0.22:
24 - 48 : 12.70 : 163.18 :
W - 72+ 8.07: 12.71 :
72- 8 : 0.3: 0.0 :
96 : 6.0 ¢ W.3W :

29.12 : 181.23 :

1

Table IV : Individual recults showing elimination of “¢ versus time

through the respiratory path after intramuscular injection of a’ single
dose of MDI (luC) in rats. The results are expressed as a fraction of the
dose injected (°/yo).
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Figure 8 : Curve showing cumulative radioactivities of ¢ and its labelled

metabolites in faeces and urines as a function of time after intramuscular
injection of a single dose of MDI (*¢). This curve was plotted from the
results given in table III.
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- that the fecal elimination of MDI (}"C) and its metabolites labelled

with 1

Y is greater than their urinary elimination (in the ratio

of 3.6 to 1)
- that the excreta recovery balance is less than 25 %. The rest is fou

in the carcases after the animals are killed.

CONCLUSION

The purpose of these exper’ments was to evaluate the ¢. .sion rate
of MBI (l“C) from the muscle, before considering contamination of rats via
the respiratory tract. This diffusion rate is fairly slow with a T 1/2 of

12 hours. The relatively slow elimination of derivatives of MDI (I“C) label-

1

led with 1¥C should permit observation of blood, urinary and fecal radio-

activities with the new experimental procedure.
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: Curve showing cumulative radioactivities of TDI'C and its labelled metabolites in urine as a function of time _

after intramuscular injection of a single dose of 'I‘DIqu. This curve was plotted from the results given in

tabie V,
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FIGURE 7 : Curve showing cumulative radiocactivities of T0I2%C and its labelled metabolites in faeces as a function of time
after intramuscular injection of a single dose of 1rc. This curve was plotted from the results given in

table VI,
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‘-~ - “TABLE III + Individual-results showing urinary elimination of >'C after

. - 1intramuscular injection of a single dose of e in rats (see

table VII). The results are expressed as a fraction of the dose
—~injected (°/44). The mean for each period was.calcu *ed.
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13
- a 1L'C compound ('I‘DIIHC or one metabolite) is distributed in two
compartments in the organism,

- we are in the presence of two labelled derivatives, metabolites

|
k . with differenv elimination kinetic parameters.

Graphic interpretations and calculations make it possible to estimate
the following parameters :

- for elimination : . the relative magnitudes of the tJo components
of the elimination curve are in a ratio of about 3.8.

The half-lives of the twc components are 32 hours for the larger
campartment and 73 hours for the smaller.

- _for diffusion : the T 1/2 of diffusion from the muscle of injected
TD]:l C is about 30 minutes. 12_ { r’g A t

"b) Urinary and fecal excretion of radioactivity after intramuscular
injection of a single dose of pItiC.

T

Tables III and IV give the individual results of frections of radio-
activity eliminated during each sampling period. Tables V and VI, which
resume these. results, make it possible to follow the progress of cumulative
quantities of radicactivity deriving "fmm'TD"luC or its labelled derivatives ..
’as a function of time. A check revealed that the elimination of luC in the -z
44 CO2 through the respiratory tract is negligible, showing that,

G in rats, there is no transformation of the molecule by demethylation of the:~
\ radical - 3 . £
~The curves in figures & and 7 illustrate the results given in the

,' form of

tables. To summarize, these. experiments show the following :
- that the urinary eliminatira of TDI''C and its metabolites labelled
with T is greater than their fecal elimination (53 % es compared --
with 39 %),
- that the excreta recovery balance is-better than 92 %.- Four per cent:
is found in the carcases after the animals are killed.

CONCLUSION

The purpose of these experiments was to evaluate the diffusion rate

Documem préparé par le
LAZORATCIRE D'ETUDES DU METABOLISME DES MEDICAMENTS
Décartement de Biologie

Ccmmissaiiat & I'Energie Atomique
France




'
#0 B8 48 s S8 wE aB

e B8 ss

.
®
e
.
-
.
-
-
.
-
-
-
.

i. e se 88 w8 »

: "Individual results showing the cumulative urinary elimination.of _luC
as a functich of time, after administration of a single dose of 'I‘DIluC ‘
by intramuscular injection in rats (see table .VII). The results are
erpressed in partsper 1000 of the dose injected. The mean for each -
period as well as the overall balance are calcuniated.
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TABLE IV : Individual results showing fecal elimination of 1'C after intramuscular
- " injection of -a single-dase of TDI*%C in rats (see table VII): The
+ results are expressed as—a fraction of the doseinjected (®/,,).
The mean for each period was calculated.
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NO

SEX

.

Weight in g:

Decse TLI 3
Admisterec
pg/animal

TABLE VII : Individual cdoses of TDI acdministered to animals used

for excretion balances.
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TABLE VI : Individual ‘results showing the cumilative fecal elimination of Wer - =

as a. finction of time, after administration of a single dose cf TDIluC

- by intramuscular injection in'rats (see table VII). The results are
expressed in parts per 1000of the dose injected. The mean forreach
period as well as tne overall balance are calculated.
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APPENDIX I

AUTORADIOGRAPHY OF THE ENTIRE ANIMAL

PROCEDURE : A rat weighing 100 g receives an intramuscular injection of
TDIt*C (18 uCi). Twenty four hours after administration of the chemical,
the animal is killed and rapidly frozen by immersion in liquid nitrogen.
Tne frozen rat is stored for 24 hours in a freezer-at -25°C before the
preparation of sections. Ullberg's techn.que (1854) was employed for
preparing the sections. A leitz microtome was used with a plate cooled
to -30°C.

50 p sections-parallel to the sagittal axis of the animal were
prepared. Collected on adhesive tape, they were dehydrated and then placed
against a "Kodirex" ‘monolayer (Kodak) radiological film. The films were

cdeveloped after five days of exposure. The black areas enable localization -4

of the radioactivity due to 1

the form of TDI'C.

4 introduced into the body .of the animal in

= SULTS

Plate 1 shows the autoradiographs of a rat killed 24 hours after
adninistration of the labelled medicament. This period corresponds appro-
ximately to the activity peak in the plasma of the animal.

The relative importance of tissue fixation of the chemical is shown
in table I. These patterns were obtained from preparations of the same
thickness (50 p). The exposure period was seven days in all cases.

FZTERENCE

Ullberg S., 1954, Acta Radiol. Supp. 118
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of TDIluC from the muscle, before considering contamination of rats via

the respiratory tract. This diffusion rate is fairly rapid with a T 1/2

of 30 minutes. Our experience suggests that diffusion from the respiratory

m be even more rapid. Moreover, the relatively slow elimination

1% 1abelled with T4c should permit observaticn of -

blood, urinary and fecal radioactivities with the new experimental procedure
The autoradiograph of the entire animal (see Appendix) shows that é

TDI*'C and its labelled metabolites are practically diffused throughout

the organs, with a high concentration in the excretion organs.

of derivatives of TDI

1

From the purely kinetic standpoint, the distribution curves based
on distribution-in blood and on the excretion balance suggest that in
addition to TDI, metabolites are formed :

/ - one or two important metabolites diffusible through the majority
of orgens : 2
- with relatively slow elimination rates, '

ey P S

- with an elimination balance approaching 100 % in 15 days.

These hypotheses will only be corroborated by additional investigationdgl
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